The construction industry is facing a gradual but important transformation towards more productivity and collaboration. In this framework, two major approaches are often cited in the literature as having the potential to improve the practices in the industry: Building Information Modeling (BIM) and Lean Construction. Several scientific studies have demonstrated the synergy of these two approaches and very recent research has reported positive results from the use of software applications as support for their implementation on construction sites. However, the stakes of such integration have been very little studied. This article presents the results of a research project conducted within a general contractor firm that decided to implement BIM and Last Planner System (LPS) on its construction sites. The research uses a four-stage action research approach, including the characterization of the research issue, the establishment of an action plan, its implementation and its evaluation. Compared to recent related studies, the research is less enthusiastic. While it highlights the need for new tools to improve production planning and control, it also points to a strong resistance to change by practitioners at the site. They emphasize the necessity for adequate pre-service training and the need for new resources that can work full-time on the ongoing training of site teams. In addition, some limitations of the tool lead workers to believe that it can quickly become a factor that slows down their daily work rather than improving it.
Introduction
The construction industry is generally considered to be an underperforming industry, compared to other manufacturing industries such as aerospace and automotive [1, 2] . This lack of performance is reflected in particular by low productivity and frequent overruns of costs and delays [3] [4] [5] . Yet, in recent years, the growing adoption of new technological approaches seems to have the potential to change the game [6] . Among these approaches, Building Information Modeling (BIM) occupies an important place [7] . The early years of the BIM approach focused on the development of technological solutions, for example to solve important issues such as interoperability. But rather quickly, it became clear that the added value of such an approach should reside, not only in the arrival of new technologies, but also and above all in improving the dynamics of collaboration, the integration of the supply chain and the elimination of waste. In this context, several research projects have highlighted the necessary complementarity between BIM and Lean approaches [8, 9] . The synergy between the two approaches has been widely discussed in the literature and the added value of such a combination has been demonstrated [10] [11] [12] [13] . But very little work has been devoted to the issues related to the combined use of these two approaches, which, even if they are recognized as complementary, each require a particular methodology and important means to implement.
This article presents the results of a research project conducted with a general contractor firm that decided to implement BIM and Last Planner System (LPS) on its construction sites. It aims at exploring the main challenges to overcome in order to successfully implement LSP-BIM software. The rest of the article is organized in four main sections. The first section presents a literature review whose purpose is to define the main concepts to understand the problem, and to present the state of the art on the question. The second section presents the research methodology. The third part presents the main results, which are discussed next in the fourth section.
Related works

Definitions and main concepts
The success of Lean principles and the perceived benefits of using it in the manufacturing industry have prompted construction stakeholders to adopt these principles [14] . According to Koskela et al. [15] , Lean Construction is a way of studying the production system by minimizing waste of materials, time and effort in order to generate maximum added value. Among the various Lean Construction techniques, LPS is one of the most popular methods of production planning and control [16] . The LPS was developed to improve the performance of construction projects by increasing the reliability of schedules and workflow [17] . It is also used to reduce variability and uncertainty in construction [18] . According to Ballard and Howell [19] the planning process of the Last Planner system is a procedure for creating a Master Schedule, a Reversed Phase Scheduling, a Lookahead Schedule, and a Weekly Work Plan, using Lean Construction planning techniques.
Building Information Modeling (BIM) consists in the use of "a multidisciplinary object-oriented 3D model of the constructed facility to improve and to document its design and to simulate different aspects of its construction or its operation" [20] . Thus, it focuses on the development, the use and the transfer of digital information models of a construction project to improve its design, construction and operation [21] . BIM becomes essential for the realization of construction projects and its deployment offers both benefits and challenges in its implementation [22] . It is increasingly required in the execution of projects and for many clients it becomes a requirement to be fulfilled for the grant of the project. Its importance and effectiveness have been proven through several projects [7] . Additional information can be added to the three-dimensional model(s) for analyses and simulation purposes. In this context, it is commonly agreed that 4D models are created by linking scheduling information to the 3D model in order to simulate the process of construction over time [23] . 5D BIM models are prepared for cost management purposes [24] . It is more and more accepted that the sixth and the seventh dimensions are related to energy analysis and assets management purposes, but it is important to note that beyond the fifth dimension (i.e. cost), there is no consensus in the literature about what each dimension represents.
BIM and LPS association in the literature
In 2010, Sacks et al. [11] conducted an analysis of the interactions between BIM and Lean approaches. They noticed that "a synergy exists which, if properly understood in theoretical terms, can be exploited to improve construction processes beyond the degree to which it might be improved by application of either of these paradigms independently". They then proposed a juxtaposition of the Lean Construction principles and the BIM functionalities, and factually identified 56 interactions [11] . In 2014, Khan and Tzortzopoulos [25] proposed a discussion on how the association of BIM and LPS can affect the design workflow. The discussion, based on two building design projects, used the interaction matrix developed by Sacks et al. [11] and showed that such an association "can improve workflow in building projects through features that reduce waste". Indeed, as demonstrated by Seppänen et al. [26] , to be fully successful, the BIM adoption needs to be associated with a lean managerial approach like LPS to control. Otherwise, the implementation "can lead to inefficiencies even when the technological approach is effective" [25] .
The case study presented by Clemente and Cachadinha [13] identified a number of contributions of BIM to the materialization of the principles of Lean, based on the fact that the BIM methodology has parallel principles with most of the Lean Construction principles. According to Clemente and Cachadinha [13] , the BIM model can add a needed visual dimension to the project. This visual dimension can be aligned to all the information available and the BIM features can be exported, so "the works were easily controlled and the facility management improved. This also enabled the implementation of a LPS planning approach for daily activities planning" [13] . However, some limitations and constraints have been identified, including the initial cost, the know-how and the fact that BIM is a time-consuming approach.
More and more commercial software are being proposed, aiming at combining BIM and Lean principles, using mobile technologies. These tools include BIM 360 Plan, LeanKit, VisiLean, TouchPlan, etc. BIM 360 Plan is a collaborative 'Look Ahead Planning' tool. The master schedule can come from traditional planning tools (MS Project or Primavera). Leankit uses a virtual Kanban board, to enable the creation of a master schedule with the participation of the whole construction team, but does not offer visualization of the 3D model. VisiLean is a production management system specifically designed for planning and production control. It supports the Last Planner system workflow, including detailed constraint analysis and assignment of resources to tasks. The master schedule and the 3D model are imported into the software. It allows simultaneous visualization of the Gantt and the 3D model for 4D simulation purposes. TouchPlan uses a virtual table integrated in the software, to enable the creation of a master schedule. It is also possible to import a master schedule from traditional planning software such as MS Project or Primavera. However, it does not display the 3D model. Very few research works [29] [30] [31] have been dedicated to the evaluation of Lean-BIM software, especially from the perspective of the practitioners.
Research approach
Action research is considered as a research method that requires contact with the field and the reality. The purpose of this approach is to identify needs or problems, before establishing a strategy to achieve change objectives in response to observed problems [32] . The action research follows the four main steps: the characterization of the research issue, the establishment of an action plan, its implementation and its evaluation.
The analysis of existing processes used by the industrial partner highlighted some gaps to cover by the implementation of a new technological tool that combines LPS and BIM. To understand the context and the needs, an analysis of the planning and production practices as well as interviews with the involved actors (Project Manager, Superintendent, Planner, and Assistant Project Manager) was necessary. The action plan established as part of this research consists of the following steps: Choosing a solution, defining a scenario, choosing a pilot project, implementing the solution and gathering feedback from project stakeholders. The choice of the solution is made based on selection criteria coming from a synthesis of the literature, including the BIM features, LPS features, collaboration and interoperability features, usability, and accessibility. The scenario adopted consists of a preliminary step of training the participants and organizing an indoor simulation on the operation and use of the software, and to define with the participants an action plan for the use of the solution on the construction site. A pilot project was selected to test the software, relating to the construction of a sports centre and whose structure consists of steel and reinforced concrete elements. The project is realized in turnkey and Fast Track modes. The practitioners' feedbacks were collected through semi-directive interviews.
Main results
Choosing new tools to improve production planning and control
The industrial partner is facing problems related to the limitations of traditional methods of planning and controlling production. The current planning method is traditional (Push Planning) and its practice generates the difficulties such as the delay in the delivery of the works, the waste, and a decrease in productivity. The master schedule is designed in general without much contribution from the specialized contractors. The visualization of the schedule in BIM 4D
is not yet adopted by the industrial partner. Certainly, there are important advances in terms of information sharing through the Procore project management platform, since all the reports and the drawings are accessible through this platform. The need for new tools integrating BIM and LPS comes from the desire of the industrial partner to improve it production planning and control. But such integration should not be limited to software tools alone, but should take into account the need to update current processes, in order to create a propitious context for the successful implementation of the software on construction sites.
Following the analysis of the planning software integrating LPS and BIM, and according to the identified selection criteria, the two selected software are BIM 360 Plan and VisiLean. Admittedly, the two programs are similar and make it possible to perform collaborative planning and production control with different approaches. However, BIM 360 Plan looks a lot more at collaborative planning while VisiLean has an additional function which offers a visualization of the elements of the project through the 3D model. It has been decided to test and to evaluate BIM 360 Plan for production planning and VisiLean for production control. In this logic, the planning process is divided into three phases: preliminary planning, planning integrating the LPS, and the use of the BIM 360 Plan. The preliminary planning is done in collaboration with the construction team and the planner. They use the drawings and the 3D model to generate a preliminary schedule. The schedule integrating the LPS is done in collaboration with the construction team, the planner and all the specialized contractors. They refer to the preliminary schedule, the 3D drawings and models to produce a schedule according to the LPS approach. The use of BIM 360 Plan converts the schedule defined according to the LPS approach into 'Milestone Breakdown Structure', and proposes an electronic version of the detailed schedule, and the lookahead Schedule. The 'Weekly Work Plan' and the 'Daily Work Plan / Coordination' are generated by the software. The construction team must ensure that all specialized contractors have access to the software so that they can plan to perform the tasks to which they are committed.
Regarding the production control using VisiLean, a working process has also been proposed. Before starting the execution of the tasks, the specialized contractors must carry out a constraint analysis 'Constraint Removal', this allows them to make the task ready to be executed (Task Make Ready). The software calculates the weekly Percent Plan Complete (PPC) for each specialized contractor. The construction team having access to the software can consult the progress of the work of each specialized contractor, and ensure by a physical verification in the field if the work is compliant or does not comply. The PPC produced by each specialized contractor, in addition to physical verification, can help the validation of the payment request of the specialized contractors. The Project Control Manager also has access to the software. This allows him not only to monitor the progress of the work of the specialized contractors, but also to know the overall progress of the work of the general contractor (by consulting the PPC to date). An instant notification system informs all project stakeholders of changes. The control manager and the management team are informed daily of the status of the project. The verification and the validation of the payment requests of the specialized contractors and the general contractor are made easy. For this preliminary case study on issues related to the implementation, we limited the research to the specialized contractors and the general contractor.
The main challenges
The study showed a contradiction of point of view between the top management and the site team. The top management manifests the need to innovate and supports the idea of implementing the software. For the top management, such an implementation can be useful not only to optimize the planning process, but also to enable a variety of new usages. For example, using the software can help in "exploring the capability to leverage the PPC report data to facilitate the payment of subcontractors", said the project director at an introductory meeting. Moreover, the top management was keen to reduce delays when performing the site work. "Can an alert be triggered when an activity is late compared to its due date?" asked the project director. However, the construction team has an opinion contrary to that of top management. It finds that the adoption of this software means an additional constraint. The construction team finds it difficult, if not impossible, to get the cooperation of all the specialized contractors as the assistant project manager testifies: "It will be impossible to use in the field because all the employees are busy and specialized contractors will not be able to collaborate". "Superintendents and representatives of subcontractors will have a hard time accepting to use it because the software increases the volume of work", he adds. Throughout the participant interviews, participants expressed doubt about the operation and effectiveness of this new software.
The site team showed strong opposition to the implementation of the tool. For 70% of participants, the hesitation and the doubt are justified by the lack of knowledge and experience on the software. For 30% of participants, reluctance to adopt a new, little-known approach creates resistance to change. They find that it is risky to rely entirely on technology. "When the system does not work after an internet interruption or technical failure, it delays our work and we are wasting time", the superintendent stated.
The lack of knowledge is frequently mentioned in interviews. Eight out of ten participants (80%) do not know the LPS, however the 10 respondents say they know BIM. This lack of knowledge is justified by the fact that the LPS is a new concept for many construction companies. However, encouraging feedbacks have been received from the planner: "We would like to adopt the LPS if it is an approach that will simplify our planning", he says. For a successful adoption of the LPS, it is important to train the workers and to show them the added value of this approach. The need for training was raised by each of the interview participants. It is important to set up a continuing education program for software users, in both LPS and BIM. The testimonials gathered are of the same opinion as that of the project manager. "I think that we must train workers to hope to successfully implement the software combining LPS and BIM, and require its use in contractual clauses", he says. The Superintendent draws on his past experience with implementing BIM to emphasize the importance of worker training. "BIM is a very good tool, but workers do not know how to use it", he concludes.
Throughout the interviews, participants expressed doubt about the operation and effectiveness of this new software. For 70% of participants (seven out of 10), hesitation and doubt are justified by the lack of knowledge and experience on the software. For 30% of participants (three out of ten), reluctance to adopt a new, and little-known approach creates resistance to change. They find that it is risky to rely entirely on TM, as the Superintendent testifies, "When the system does not work after an internet interruption or technical failure, it delays our work and we are wasting time. Having a full-time person in the field for technical assistance and ongoing training of software users can simplify the software adoption, and can motivate and encourage workers to use the software well. The superintendent's testimony supports the need to have a champion assigned to the project "This is a good opportunity, but it will be difficult to implement if a resource responsible for the tool is not recruited to conduct the implementation ". The project manager is of the same opinion. "Not having a person dedicated to the management of the documentation makes the work of the project manager quite painful when searching for documents. [...] We must also recruit a person in full time who will take care of the daily training of users and the use of LPS and BIM software throughout the project", he says.
Conclusion and future work
The research presented in this paper aims at exploring the main challenges to overcome in order to successfully implement LSP-BIM software. It highlights the need for new tools to improve production planning and control, but also points to a strong resistance to change by practitioners at the site. They emphasize the necessity for adequate pre-service training and the need for new resources that can work full-time on the ongoing training of site teams. In addition, some limitations of the tool lead workers to believe that it can quickly become a factor that slows down their daily work rather than improving it. Future works will focus on how to optimize the continuum of information between design team and the construction site, in order to fully benefit from the capabilities offered by BIM models.
